Introduction {#Sec1}
============

The gut microbiota is associated with many key functions of the host, such as resistance to infectious diseases and the decomposition of nutrients, and it provides the host with physiologically active materials, such as enzymes, amino acids and vitamins (Sugita et al. [@CR25]). An altered microbiota in the intestine can lead to altered host immune function, as well as an increased risk of disease (Brown et al. [@CR2]; Morgan et al. [@CR20]). For fish, the gut microbiota also plays important roles in health and physiology (Ganguly and Prasad [@CR8]). Over the last decade, investigations of the intestinal microbiota of fish have aimed to study its significant biological functions and make use of probiotic bacteria (Gatesoupe [@CR9]; Narrowe et al. [@CR21]; Xia et al. [@CR31]). In addition, these studies were expected to contribute in a meaningful way to enhancing immunity and reducing mortality in cultured fish.

In early studies, conventional culture-dependent techniques were used; however, only a small percentage of the bacterial flora was identified (Kathiravan et al. [@CR12]). Recently, molecular techniques, including but not limited to denatured gradient gel electrophoresis (Li et al. [@CR14]), fluorescence in situ hybridization (Hoffmann et al. [@CR10]) and 16S rDNA high-throughput sequencing (Gajardo et al. [@CR7]), have been used successfully to analyze the complex microbial community from fish intestines. Studies using molecular techniques have retrieved many novel sequences, which could not be identified as part of the intestinal flora of fish with traditional culture-dependent methods.

DNA extraction from the intestinal microflora is the key step for molecular biological analysis. Several protocols for extracting DNA from the fish intestinal microflora, including physical and chemical methods, have been described. Generally, common physical disruption methods have been employed, such as freezing--thawing (Fan et al. [@CR5]), sonication (Yang et al. [@CR32]) and bead beating (Carrigg et al. [@CR3]). In addition, a variety of chemical lysis approaches, including cetyl trimethyl ammonium bromide (Chapela et al. [@CR4]) and Triton X-100 (Wang et al. [@CR28]), have been used to obtain higher purity DNA. The enzymatic digestion method for DNA extraction frequently employs lysozyme and proteinase K to quicken the process and increase the DNA yield. In recent years, commercial kits have also been chosen to extract genomic DNA from the gut microbiota because of their high efficiency, simple operation, and lack of wasted time. There are many kinds of kits for extracting microbial genomic DNA, such as the QIAamp Fast DNA Stool Mini Kit (Qiagen, Germany) (Xia et al. [@CR31]), the Power Soil DNA Isolation Kit (Mo Bio, USA) (Stearns et al. [@CR24]) and the Minibest Bacterial Genomic DNA Extraction Kit (Takara, Japan) (Hu et al. [@CR11]). Unfortunately, most of these kits were designed for samples from mammals, the soil environment or a single type of microbe. In addition, the occurrence of degradation of the DNA extracted from the fish intestinal microflora is not avoidable with these kits and usually results in divergent analysis results in relation to the diversity of the microbial community.

To acquire purified and minimally degraded DNA from the fish intestinal microflora for further molecular biological study and subsequent analysis of microbial communities, we attempted to obtain an improved method. In this method, the physical disruption and chemical lysis steps were combined, and some parameters in the key steps were adjusted. For convenience, the name for the method was assigned as the combination of lysozyme and ultrasonic lysis (CLU) method. Herein, we introduce this method and its application for DNA extraction from the intestinal microflora of the koi carp *Cyprinus carpio* var. *Koi*. The results were compared with those obtained by the Zirmil-beating cell disruption (ZBC) method, referring to the research of Zoetendal et al. ([@CR34]), and the QIAamp Fast DNA Stool Mini Kit (QIA, Qiagen, Hilden, Germany), a common commercial kit. In addition, two other species of fish, the half-smooth tongue sole *Cynoglossus semilaevis* and the Jian carp *Cyprinus carpio* var. *Jian*, were used for intestinal microflora genomic DNA extraction using the CLU method.

Materials and methods {#Sec2}
=====================

Fish {#Sec3}
----

The *C. carpio* var. *Koi* (380--410 g) and the *C. carpio* var. *Jian* (18--20 g) were provided by the Gongwang Fish Breeding Center in Tianjin. *C. semilaevis* (130--145 g) specimens were provided by the Tianjin Haifa Aquaculture Center. The fish were transferred back to Tianjin Agricultural University and maintained under optimal rearing conditions (*C. carpio* var. *Koi* and *C. carpio* var. *Jian*: 20 °C, pH 7.5; *C. semilaevis*: 23 °C, pH 7.5, salinity 22 ppt) for 1 week. Aeration was provided to maintain optimal dissolved oxygen, and the fish were fed with commercial formulated pellets twice daily.

Sample preparation {#Sec4}
------------------

Prior to dissection for sample collection, all fish were euthanized with an overdose of MS-222 (Sigma-Aldrich, St Louis, MO, USA). The exterior of the fish was wiped clean with 70% ethanol, the abdomen was opened at the ventral midline and the whole intestine was aseptically removed from the abdominal cavity. All experimental procedures on the fish were approved by the Animal Care Committee of Tianjin Agricultural University. The methods were performed in accordance with the approved guidelines and regulations.

The gut samples were used directly after their removal from the fish. The intestinal contents and mucosa of three individuals were collected, pooled together and homogenized mechanically by pestle three times for 1 min each using a hand-held homogenizer. The sample was centrifuged at 110*g* for 5 min at 4 °C, and the supernatant was placed into a new, sterile 50-mL centrifuge tube. Subsequently, the supernatant was centrifuged at 2700*g* for 5 min. The precipitated bacteria were resuspended with 4 mL of sterile phosphate-buffered saline (PBS; 10 mM, pH 7.2; Dingguo Changsheng, Beijing, China), and the suspension was divided into quadruplicate samples with a volume of 1 mL. Four subsamples with the same volume and concentration from *C. carpio* var. *Koi* were used for the extraction of genomic DNA with the CLU (lysozyme/RNase: 37 °C/37 °C), CLU (lysozyme/RNase: 60 °C/30 °C), ZBC, and QIA methods.

Subsequently, to confirm the applicability of the CLU method for other fish species, *C. semilaevis* and *C. carpio* var. *Jian* were also used for the extraction of intestinal microflora genomic DNA using the CLU (lysozyme/RNase: 60 °C/30 °C) method.

DNA extraction {#Sec5}
--------------

### CLU method {#Sec6}

A bacteria suspension (1 mL) was dispensed into a 2-mL microtube and disrupted 50 times for 2 s each with the Ultrasonic Cell Disruption System (Ningbo Scientz Biotechnology, Ningbo, China), with an interval of 5 s. After centrifugation at 21,500*g* at 4 °C for 5 min, the upper aqueous layer was discarded. The sample was disrupted by incubation at 60 °C for 30 min after adding 750 µL of TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 8.0) and 50 µL of lysozyme (20 mg/mL; Sangon Biotech, Shanghai, China). Subsequently, 10 µL of RNase A (20 µg/mL; Sangon Biotech) was added to the centrifuge tube, and the suspension was then incubated at 30 °C for 30 min. The tube was then incubated at 65 °C for 60 min with inversion every 20 min after adding 100 µL of 10% SDS (pH 7.4; Sigma-Aldrich) and 30 µL of proteinase K (20 mg/mL; Sangon Biotech). Thereafter, an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) was added, and the sample was mixed by inversion. The sample was centrifuged at 21,500*g* for 2 min, and the supernatant was collected in a new 2-mL sterile centrifuge tube. An equal volume of chloroform: isoamyl alcohol (24:1) was added to the tube, and the suspension was mixed gently and centrifuged at 21,500*g* for 2 min. The upper aqueous layer was transferred to another 2-mL sterile centrifuge tube, and the DNA was precipitated using a 1/10 volume of NaAc (3 M, pH 5.2) and 2 volumes of ice-cold (− 20 °C) 95% ethanol, followed by centrifugation at 21,500*g* for 5 min at 4 °C. The DNA pellet was washed twice using 1 mL of 70% ethanol before being air dried and finally resuspended in 100 µL of TE buffer (preheated to 50 °C).

This protocol was also used for samples from *C. carpio* var. *Koi*, *C. semilaevis*, and *C. carpio* var. *Jian*. In this study, when the CLU method is mentioned in the text, incubation temperatures of 60 °C for lysozyme and 30 °C for RNase were used, unless specified otherwise. To investigate the influence of the incubation temperatures of lysozyme or RNase on the DNA extracted in the CLU method, 37 °C was also used for the incubation temperatures of lysozyme and RNase during the process of extracting genomic DNA from the intestinal microflora of *C. carpio* var. *Koi*.

### ZBC method {#Sec7}

DNA was extracted from 1 mL of a bacterial suspension according to the method of Zoetendal et al. ([@CR34]). The bacteria suspension was transferred to a 2-mL Lysing Matrix A tube (MP Biomedicals, Santa Ana, USA), followed by the addition of 150 µL of buffer-saturated phenol to the tube. The sample was oscillated by 4 m/s for 2 min with the FastPrep^®^-24 Instrument (MP Biomedicals), and cooled on ice for every 30 s and purified with 150 µL of chloroform: isoamyl alcohol (24:1), and then centrifuged at 21,500*g* at 4 °C for 2 min. Thereafter, an equal volume of phenol:chloroform:isoamyl alcohol (25:24:1) was added, and the sample was mixed by inversion. The sample was centrifuged at 21,500*g* for 2 min, and the supernatant was transferred to a new 2-mL sterile centrifuge tube. This step was repeated until the interface of the two layers was clean. An equal volume of chloroform: isoamyl alcohol (24:1) was added to the tube, and the sample was mixed gently and centrifuged at 21,500*g* for 2 min; the supernatant was then transferred into another new 2-mL centrifuge tube. DNA was precipitated with a 1/10 volume of 3 M NaAc (pH 5.2) and 2 volumes of cold 95% ethanol (− 20 °C) and stored at − 20 °C for 30 min. Thereafter, the samples were centrifuged at 21,500*g* for 20 min, and the supernatant was discarded. The DNA was washed with 500 µL of cold (− 20 °C) 70% ethanol and centrifuged at 21,500*g* for 5 min at 4 °C. The DNA pellet was dried by placing the tube upside down on tissue paper for 15 min, and the dried DNA was rehydrated in 100 µL of TE buffer (pH 8.0).

### QIA method {#Sec8}

One milliliter of the bacterial suspension was centrifuged at 2700*g* for 5 min, and the precipitated bacteria were resuspended with 220 µL of PBS. DNA was extracted from 220 µL of the bacterial suspension using a QIAamp Fast DNA Stool Mini Kit (Qiagen) according to the manufacturer's instructions.

Evaluation of the quality of the extracted DNA {#Sec9}
----------------------------------------------

To evaluate the extracted DNA, all types of products were treated 4 times. The quality of the extracted DNA was evaluated according to the absorbance ratios at 260/280 nm. The quantity of the extracted DNA was evaluated using the absorbance at 260 nm, which was converted into ng/μL of double-stranded DNA using the established conversion factor of 50 ng/μL for one optical density unit at 260 nm (Sambrook et al. [@CR23]). Agarose gel electrophoresis of the isolated DNA samples extracted with all three methods was carried out in 0.8% gels, and the gels were observed under a Gel Doc System (Thermo Fisher Scientific, Waltham, MA, USA).

PCR amplification {#Sec10}
-----------------

Amplification of variable region V3--V4 of the 16S rDNA was performed using the genomic DNA extracted with different methods as templates. PCR was conducted using the universal primers 341F (5′-CCCTACACGACGCTCTTCCGATCTGCCTACGGGNGGCWGCAG-3′) and 805R (5′-GACTGGAGTTCCTTGGCACCCGAGAATTCCAGACTACHVGGGTATCTAATCC-3′) (Li et al. [@CR15]). Each reaction was performed in a 50-μL volume containing 20 ng of bacterial DNA, 5 µL of 10× PCR buffer, 0.5 µL of dNTP (10 mM), 0.5 µL of PCR primer F (50 µM), 0.5 µL of Primer R (50 µM) and 0.5 µL of Platinum Taq (5 U/µL). The samples were amplified using a T100™ Thermal Cycler (BioRad Laboratories, Hercules, CA, USA) with the following conditions: initial denaturation at 94 °C for 3 min; 5 cycles of 94 °C for 30 s, 45 °C for 20 s, and 65 °C for 30 s; and 20 cycles of 90 °C for 30 s, 55 °C for 20 s, and 72 °C for 30 s, followed by a final elongation at 72 °C for 5 min. The PCR products were separated by electrophoresis in 2% agarose gels.

Results {#Sec11}
=======

Quality of extracted DNA {#Sec12}
------------------------

Both the quality and quantity of the extracted DNA were assessed by measuring the absorbance at wavelengths of 260 nm and 280 nm (Table [1](#Tab1){ref-type="table"}) and by visualizing the extracted community DNA on agarose gels. The OD~260~/OD~280~ ratio and the concentration of the extracted DNA for the CLU method were 2.02 and 282.8 µg/µL, respectively. When the incubation temperatures for lysozyme and RNase were adjusted to 37 °C, those values were 2.08 and 309.8 µg/µL, respectively. The OD~260~/OD~280~ ratios of the DNA extracted using the ZBC and QIA methods were 2.07 and 2.09, respectively. In addition, the DNA concentrations of those samples were 1002.6 µg/µL and 161.6 µg/µL, respectively.Table 1Purity and concentration of the extracted genomic DNAMethodIT (lysozyme/RNase)DNA (ng/µL)DNA (ng/µL) rangeA260/280A260/280 rangeDNA integrityCLU37 °C/37 °C309.80 ± 66.79133--4482.083 ± 0.1411.819--2.423++60 °C/30 °C282.80 ± 85.0950--4782.020 ± 0.1611.701--2.407++ZBCNA1002.60 ± 365.15300--23522.074 ± 0.1471.712--2.413+QIANA161.60 ± 54.3582.5--3732.089 ± 0.0961.810--2.224++Values are represented as the mean ± SE; DNA integrity was assayed by agarose electrophoresis and indicated as good (++) or sufficient (+) based on the band clarity, density and presence of smearing*NA* not available, *IT* incubation temperature

On the agarose gel, a major high-intensity, discrete band of more than 10 kb was found for the CLU method. However, the smearing intensity of the degraded DNA was lower when the incubation temperatures were 60 °C for lysozyme and 30 °C for RNase than when incubation temperatures of 37 °C for lysozyme and 37 °C for RNase were used (Fig. [1](#Fig1){ref-type="fig"}). The ZBC method always generated an extended DNA band with a molecular weight of less than 10 kb and the highest intensity smearing signals in agarose gel electrophoresis. The QIA method generated a discrete band with a molecular weight similar to that obtained with the CLU method (Fig. [2](#Fig2){ref-type="fig"}). In addition, there was more obvious smearing of the degraded DNA in the QIA method than in the CLU method (Fig. [2](#Fig2){ref-type="fig"}). For the DNA samples extracted with the CLU method, a major high-intensity, discrete band with a high molecular weight of approximately 10 kb and limited smearing of degraded DNA were also observed (Fig. [3](#Fig3){ref-type="fig"}).Fig. 1Agarose gel electrophoresis of the genomic DNA extracted from the intestinal microflora of *Cyprinus carpio* var. *Koi* using the CLU method. Lanes: *M*, molecular marker. 1, incubation temperatures of 37 °C for lysozyme and 37 °C for RNase were used; 2, incubation temperatures of 37 °C for lysozyme and 30 °C for RNase were used; 3, incubation temperatures of 60 °C for lysozyme and 37 °C for RNase were used; and 4, incubation temperatures of 60 °C for lysozyme and 30 °C for RNase were used Fig. 2Agarose gel electrophoresis of the genomic DNA extracted from the intestinal microflora of *Cyprinus carpio* var. *Koi*. Lanes: *M* molecular marker. 1, CLU method; 2, ZBC method; and 3, QIA method Fig. 3Agarose gel electrophoresis of the genomic DNA extracted from the intestinal microflora of *Cynoglossus semilaevis* and *Cyprinus carpio* var*. Jian* using the CLU method. Lanes: *M* molecular marker. 1, *Cynoglossus semilaevis*; and 2, *Cyprinus carpio* var*. Jian*

Suitability of the DNA for PCR {#Sec13}
------------------------------

The V3 variable region of the prokaryotic 16S rDNA was amplified, and an approximately 600 bp fragment was observed when the DNA samples extracted by the CLU, ZBC and QIA methods were used as templates (Fig. [4](#Fig4){ref-type="fig"}).Fig. 4PCR products of the amplification of the V3-V4 variable region of the 16S rDNA using the DNA extracted with the CLU, ZBC and QIA methods as templates. Lanes: *M* molecular marker. 1, CLU method; 2, ZBC method; and 3, QIA method

Discussion {#Sec14}
==========

Several protocols for extracting DNA from the fish intestinal microflora, including physical and chemical methods, have been described. Generally, common physical disruption methods have been employed, such as freezing--thawing (Fan et al. [@CR5]), sonication (Yang et al. [@CR32]) and bead beating (Carrigg et al. [@CR3]). In addition, a variety of chemical lysis approaches, including cetyl trimethyl ammonium bromide (Chapela et al. [@CR4]) and Triton X-100 (Wang et al. [@CR28]), have been used to obtain higher purity DNA. Many methods for DNA extraction employ lysozyme and proteinase K to quicken the process and increase the DNA yield. However, the incubation temperatures in the key steps are vital for the extraction process due to their influence on the activity of the enzymes used.

In the CLU method, the physical disruption and chemical lysis steps were combined, and the key parameters of the incubation temperatures of lysozyme and RNase were adjusted to 60 and 30 °C, respectively. The lysis of the cells is the first step of extracting DNA, and the lysis efficiency of any nucleic acid extraction procedure is critical in determining its success (Robe et al. [@CR22]; Lipthay et al. [@CR16]). It was reported that lysozyme had only a modest DNA extraction efficiency for Gram-positive bacteria and a few Gram-negative bacteria (Yu et al. [@CR33]). To compensate for the low DNA extraction efficiency of lysozyme for most Gram-negative bacteria, a treatment step with proper ultrasonic disruption was used in the CLU method, which could break down the cell walls of Gram-negative bacteria and allowed good liberation of the DNA. In addition, the incubation temperature during the process of lysozyme lysis was usually maintained at 37 °C in previous studies (Kathiravan et al. [@CR12]; Bag et al. [@CR1]). However, some investigators noted that the activity of lysozyme from egg whites increased gradually with increasing temperature within the range of 25--65 °C (Liu et al. [@CR18]). In this study, a lysozyme extract from egg whites was used. The disadvantage of the limited ability to extract DNA from gram-negative bacteria (Yu et al. [@CR33]) was remedied by adjusting the incubation temperature to 60 °C and adding a treatment step with proper ultrasonic disruption. In addition, the temperature of 60 °C probably inactivated the DNase activity from the microbes and from the fish tissues, and the incubation temperatures of 30 °C for the RNase also partially inhibited DNase activity.

The quality of the extracted DNA was evaluated by the OD~260~/OD~280~ absorbance ratio (A~260~/A~280~). The DNA was considered to be sufficiently pure when the ratio was within the range of 1.7--2.1 (Wasko et al. [@CR29]; Ferrara et al. [@CR6]; Lopera-Barrero et al. [@CR19]). An A~260~/A~280~ ratio lower than 1.8 suggested the presence of protein, salt or solvents, while an A~260~/A~280~ ratio above 2.0 usually indicated the presence of coextracted RNA. The finding of A~260~/A~280~ ratios above but close to 2.0 for most samples in this study indicated the presence of a small amount of RNA, most likely due to RNA coextraction with acidic phenol (the phenol chloroform had a pH of 5.2) (Tan and Yiap [@CR26]). However, RNA in DNA extracts does not interfere with downstream applications (Wilfinger et al. [@CR30]). Protein contamination would have caused low A~260~/A~280~ ratios (Wilfinger et al. [@CR30]), which were not observed in the present study.

We further confirmed the quality of the isolated DNA by visualizing the samples on agarose gels containing the DNA-intercalating agent ethidium bromide. Although gel electrophoresis is not very sensitive for measuring the quality of DNA, it is a useful tool for analyzing stable RNA contamination and short-fragment DNA contamination, and it shows the average size of the isolated DNA. In this study, genomic DNA extracted with the CLU method formed a clear single band with a high molecular weight, which indicated DNA integrity. In addition, almost no smeared or fragmented DNA was observed in the lanes.

To confirm the validity of the CLU method, the other two fish, *C. semilaevis* and *C. carpio* var. *Jian*, were also used in the present study, and similar results were observed on the agarose gels. In addition, the ZBC and QIA methods were carried out for comparison. Genomic DNA extracted with the QIA method formed a clear single band with a high molecular weight, which indicated DNA integrity. However, the DNA extracted with the QIA method had more smearing than that extracted with the CLU method. The DNA band associated with the ZBC method was severely degraded and exhibited obvious smearing of highly fragmented DNA. This phenomenon was also seen consistently when the bead-beating method was applied to the cells (Krause et al. [@CR13]; Villegas-Rivera et al. [@CR27]).

For PCR-based community analysis, the quantity of DNA is not the key factor because trace DNA (\> 500 ng) is adequate for PCR amplification and subsequent sequencing. In this study, the stained gel profile showed the PCR-amplified 16S rDNA obtained using the DNA samples extracted with the three methods as templates, and the results were consistent with the expected sizes of the PCR products. Additionally, nonspecific PCR amplification was not detected in any lane. This finding supported the suitability of the extracted DNA for molecular technologies, such as pyrosequencing, which employ short DNA fragments (Liu et al. [@CR17]) but require clean and representative community DNA for in-depth analyses.

The CLU method is simple and cost effective, and it yields high-quality, unsheared, high molecular weight DNA, which is comparable to that obtained with commercially available kits. The extracted DNA has potential for use in critical molecular biology techniques, which are utilized as major tools to explore microbial communities. Further microbial diversity analyses based on the DNA extracted with the CLU method and comparative analyses with other methods are required.
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